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Sol-gel method of tin dioxide, zinc oxide, and zinc sulfide thin films synthesis considered. Optical, morphological, gas 

sensitive, photosensitive properties are investigated. The influence of processing by Н- and О-plasmas on structural properties 

and gas sensitivity of tin dioxide films is shown. Zinc oxide films doped with transition metals are synthesized. The influence of 

hydrothermal processing on morphological properties of zinc sulfide films synthesis is considered. 

1. Introduction 

New sol-gel methods allow forming nanosize films and coatings with unique combination of 

properties for their applications in different branches of industry [1]. Sol-gel method is one of the simple 

methods to produce the multipurpose materials, synthesized at low temperature. The method allows to 

exclude numerous stages of washing because the chemical compounds used as the intial substances do not 

bring impurities into the composition of the end-product. Sol-gel method is based on reactions of 

inorganic compounds polymerization (formation of metaloxopolymers in solutions) and this method 

includes the following stages: solution preparation → gelation → drying  → annealing. Sol particles are 

formed in a solution and they are incorporated with each other to form  three-dimensional structure (gel). 

The dense xerogels network is formed directly on the substrate and removal of organic solvent was done 

through the heat treatment process.  

As initial substances, capable to be hydrolyzed and enter reaction of condensation with formation of 

spatially tailored structures, metalorganic compounds, organic and mineral compounds of the metals, are 

applied. A number of organic solutions having practical application are film-forming (emulsions) at room 

temperature [2]. Solutions of organic and inorganic elements compounds, having the tendency to 

polymolecules or polysolvated groups in a solution formation, form the gels possess a weak propensity to 

crystallization at drying [3] and are used for films deposition. Usually the initial substances are metals 

alcoxides М(OR)n (M = Si, Ti, Zr, Zn, Sn, Al, lanthanide etc., R = alkyl or aryl radicals), hydrolyzed at 

water addition. The reaction is led in organic solvents. The subsequent polymerization (condensation) 

results in formation of gel [4]. Sometimes such method named as "one-phase", as both reactions – 

hydrolysis and condensation – are catalyzed by the same substance (acid or base, and sometimes 

nucleophilic catalyst of NaF type). 

The optimum ratio of initial basic film-forming substance, solvent and the catalyst in a solution of 

film-forming substances should be carried out. It should provide, on the one hand, fast partial or full 

hydrolysis in a solution with preservation of formed products of the corresponding acids or elements 

hydroxides as sol and hydrolysis. On the other hand – the instant final hydrolysis in a thin layer on a 

substrate with corresponding hydroxide transparent film allocation simultaneously. In addition, the films 

formed are linked enough strongly to the substrate surface at optimum in a solution components ratio 

only. 

The film-coating technology by sol-gel method includes three ways of nanolayers formation: dip-

coating, spin-coating and spray pyrolysis, the last one is seldom used. To the advantages and features of 

sol-gel method for thin films formation can be related the follows: 

- opportunity of homogeneous films preparation with thickness about ~ 0,1ηm, doped with different 

elements, distributed homogeneously at a molecular level in ashes, gel and xerogel; 

- low cost of the method demanding no vacuum, accelerating electric field, high temperatures of 

processing and significant time expenses; 

- opportunity of porous film structures preparation. 

 

2. SnO2 films for creation gas sensitive sensor controls 

The ability of SnO2 layers to electroconductivity change at gases adsorption became a basis of their 

application in semiconductor sorption sensor, possessing a number of advantages and perspective for 

various assignment gas analytical equipment developments [5-9]. Absorptive properties and reactionary 

ability of SnO2 surface are caused by presence of free electrons in SnO2 conduction band, and also by 

presence both oxygen vacancies and active chemisorbed oxygen. In addition, possessing a transparency in 
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a wide range of wavelengths, tin dioxide is used as transparent conducting covering at photoconverters 

and opto-electric devices manufacturing. 

Thin films received by sol-gel method represent the porous structure consisting of interconnected 

nanosize particles. This property of films is used for gas sensitive sensors layers creation.  The 

opportunity of the film sensor porosity control at the films preparation stage is important under the 

practical point of view as the number of the gas molecules by a semiconductor surface adsorbed grows 

with growth of a surface relative share in a material, that, naturally, results in growth of a sensor 

sensitivity. 

The sensitivity of SnO2 sensor elements is maximal, when the diameter of crystalline particles is less 

or comparable with double Debye length. Experimentally it is shown [10], that the maximal sensitivity for 

H2 and CO environmental presence at crystalline particles diameter ~ 6 nm is observed. Qualitative films, 

consisting of thermostable small grains, are obtainable at use of sodium stannate as precursor [11]. Into 

the Na2SnO3 solution by constant mixing 1 mol/l Н3РО4 solution till the neutralization of a solution is 

added (рН=7). Very steady and absolutely transparent sol in this case is obtained, that testifies to the 

small size of particles of one’s content includes and their surface stability. As the solution was not shared 

even at spin-on-films at a rate of 14000 min
-1

, electrodialysis was used as the way for sodium salts of 

phosphoric acid sol clearing. Purified sol had been added with ammonia up to concentration of 1 %, and 

then mixed with equal quantity of 2 % polyvinyl alcohol solution. Films were spread by spin-on-films 

method and annealed at 500 ºС. 

As an active phase for gas sensitive sensor creation by sol-gel method received tin oxide layers were 

used [12]. The appropriate concentration solution for SnO2 films manufacturing with thickness of ~300 

nm has been received by waterless SnCl4 in 97 % ethanol dissolution. Kinematic viscosity of solution was 

~ 1.9 mm
2
/s. Concentration of ions of tin in solution was upto 0.14 mol/l. The solution was spread onto 

the substrate located on specially developed little table of centrifuge rotor. The rate of centrifuge rotation 

is ~ 3800 rpm. Spin-on-films time was 3-5 s. Films covered glass substrates were dried up within 3-5 min 

by means of IR-radiator at temperature 80 °С. Then samples were placed into the muffle furnace and 

were dried up within 15 min at temperature 400 °С.  

Thermal and plasma methods are widely used for designing of SnO2 films with certain properties. 

The matter of special interest is the studying the effect of thermal and plasma processing modes on SnOx 

films spread by sol-gel method, on their optical and structural properties. Plasma processing is widely 

used for SnO2 films properties modification. A number of works shows [13, 14] the effect of plasma on 

gauges sensitivity, mainly the oxygen and hydrogen plasma films processing is applied. We have 

investigated the effect of isothermal annealing (15 min, 3 h, 6 h, 12 h at Т = 400 ºС) and processing in 

hydrogen and oxygen glow discharge plasma within 5 min on a SnO2 films microstructure, optical and 

electrical properties, thickness, porosity and a gas sensitivity [15, 16]. The significant growth of ethanol 

pairs sensitivity of SnO2 film, synthesized by sol-gel method, after annealing and also after Н- and О-

plasmas processing is revealed. After 6 h of annealing at 400 ºС (Fig. 1) the maximal sensitivity was 

observed.  Ethanol response time (concentration 500 ppm) is reduced with increase in annealing duration 

at 400 ºС, and also at the influence of plasma from 5 up to 2 s. 

 

Fig.1. The dependence of SnO2 films sensitivity on ethanol vapor concentration. (а) annealing 

at 400ºС: 1 – 15 min; 2 – 3 h; 3 – 6 h and 4 – 12 h; (b) plasma processing: 1 – after deposition; 

2 – O-plasma and 3 – H-plasma. 

Sol-gel method synthesized SnO2 films possess a fine-grained surface structure. O-plasma 

processing results to a partial film clusterization and to surface granular structures disintegration (Fig.2). 

H-plasma processing leads to SnO2 nanocrystals consisting agglomerates formation.  
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The annealing of sol-gel method synthesized SnO2 films at 400 ºС within 3-6 h results in obviously 

expressed surface granular structure formation. The roughness of SnO2 films increases after both Н- or O-

plasma processing or isothermal annealing. The factors mentioned promote increase of SnO2 films gas 

sensitivity. 

 

 

Fig. 2. The surface topography of SnO2 films  (500×500 nm
2
). (а) after deposition, (b) O-

plasma processing, (c) H-plasma processing. 

3. ZnO thin films optical, structural and morphological properties research 

During the last decade enhanced attention has been given to the synthesis and research of 

nanocrystalline zinc oxide films. ZnO films is the most important functional oxide with band gap (3.37 

eV) and the big exciton binding energy (60 meV at room temperature), possessing interesting electric and 

optical properties, such as, a luminescence, the presence of piezo- and pirroeffect, amphoteric chemical 

properties, catalytic activity, photo-electric properties, etc.  Zinc oxide has found an application in light-

emitting diodes and lasers, in solar batteries, as transparent conducting electrodes, as a material for gas 

sensitive gauges, in antireflecting coverings and optical filters, and also in piezoelectric converters and 

varistors [17-21]. 

Fig. 3 shows the XRD patterns of the zinc oxide films deposited with concentration of zinc acetate 

0.1, 0.3, 0.5 and 0.7 mol/l by using isopropanol and monoethanolamin as the solvent and stabilizing agent 

respectively [22].  

 

 

Fig. 3. XRD patterns of the ZnO films deposited from solvent with different concentration of 

zinc ions 

The ZnO thin films were deposited on glass substrate. The procedure of deposition and annealing has 

described above. The film coated from solvent by C=0.7 mol/l shows reflexes (100), (002), (101), (102), 

(110), (103), (112) of ZnO. XRD pattern of the ZnO film deposited from solvent by C=0.5 mol/l also 

shows similar results. The c-axis oriented (002) reflex of the ZnO films deposited from solvents with 

C=0.3 mol/l and 0.1 mol/l is very intensive in comparison with the other films. The XRD results show 

that the C=0.5 and 0.7 mol/l films and in smaller degree the C=0.3 mol/l film consist of disordered 

crystallites whereas the C=0.1 mol/l film has the intensive (002) peak, revealing a more obvious [002] 

preferred orientation. The average sizes of crystallites of the ZnO films deposited with different 

concentration of zinc acetate are shown in table 1. 
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Table 1 

Average size of crystallites (nm) for the ZnO films estimated from XRD-patterns 

C, mol/l 
D, nm 

(100) (002) (101) (102) (110) (103) (112) (004) 

0.1 - 24 - - - - - 29 

0.3 19 29 16 - - - - - 

0.5 31 44 35 17 27 21 22 - 

0.7 38 45 37 20 32 18 21 - 

 

Fig. 4 (a, b) shows the photoluminescence and transmission spectra of the ZnO  thin films grown on 

glass from solvent  with  different concentration of zinc acetate ZnO. The optical transmission data have 

been used to evaluate the ZnO film band-gap energy Eg. The Eg was evaluated from the (αhν)
2 
 versus hν 

plot by assuming that (αhν)
2
 ~ (hν - Eg)

2 
, where α is the adsorption coefficient and hν is the photon 

energy. The inset on the Fig. 4b represents the corresponding Tauc’s plot. It was found that the Eg for all 

samples is 3.37±0.05eV and does not change with the increase of solution concentration. 

 

Fig. 4.  The photoluminescence (a) and transmission (b) spectrum of the ZnO thin films grown on glass by 

solvent with different concentration of zinc acetate (ZnO thin films spectra is recorded at room temperature). 

The inset represents the corresponding Tauc’s plot 

The PL spectra of ZnO films measured at room temperature under HeCd excitation at 325 nm shows 

that, films coated from solvent by C=0.5 and 0.7 mol/l demonstrate a weak spontaneous emission at 3.26 

eV which correspond to the band to band transition (Fig. 4 a). The films coated from solvent by C=0.3 

and 0.1 mol/l have very intensive PL that shifts at 3.18 and 3.14 eV correspondingly. That could indicate 

a contribution of stimulated emission by exciton-exciton-scattering and testify to low concentration of 

recombination defects and higher structural perfection of the films. 

Fig. 5 (a, b, c, d) shows the atomic force microscopy images of the films grown from solvent with 

concentration of zinc acetate 0.1, 0.3, 0.5 and 0.7 mol/l.  
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Fig. 5.  AFM images for scanning area 6x6 μm
2
 of ZnO films deposited on glass substrate by 

zinc acetate concentration in solvent: a) 0.1 mol/l; b) 0.3 mol/l; c) 0.5 mol/l; d) 0.7 mol/l. 

For scanning area  6x6 μm
2
 of the films, the average roughness value of films grown at  the 0.1 mol/l 

is 3.42 nm, 0.3 mol/l is 9.53, 0.5 mol/l is 30.4 nm and 48.5 nm for C=0.7 mol/l respectively. The increase 

of the ZnO films smoothness with increasing zinc acetate concentration can be explain by increase in the 

grain size, the same results was obtained by XRD measurements. 

4. ZnO thin films, doped with transition metals 

Using a sol-gel method for ZnO nanosize layers synthesis [23-27] opens opportunities for ZnO films 

homogeneous doping with various chemical elements and, thus, electric and optical properties to be 

operated knowingly. The introduction of the transition metals elements, such as Fe, Co, Mn, etc. into the 

ZnO nanostructure films, is perspective for ferromagnetic-antiferromagnetic properties possessing 

bistabilized nanoclusters formation, the state of which is controlled by magnetic field. For spintronics 

elements creation these properties are extremely actual. These additives can operate as stimulators, 

catalysts, superficial units for oxygen adsorption and gas detecting with the subsequent trap for the 

impurities adsorbed, or as an element promoting porosity perfection, thermal stability, and a matrix gas 

sensitive characteristics. The embedding of a secondary component as transition metals oxides as a bulk 

dopant or for the surface modification becomes one of the most attractive methods of optimization for 

zinc oxide nanosized  films sensitivity [28-31]. 

We have been synthesized multi-layer ZnO-CoO ("sandwich") film [32], (Fig. 6). Films with total 

thickness ~ 100-150 nm have been deposited by spin-coating method on glass substrates by consecutive 

alternation of a layer deposited.  
 

Fig. 6. Scheme of ZnO-СоО structure formation 

Fig. 7 (a, b) shows the photoluminescence and transmission spectra of the ZnO and ZnO-CoO thin 

films. Zinc acetate dehydrate (Zn(CH3COO)2·2H2O) and cobalt acetate tetrahydrate 

(Со(CH3COO)2·4H2O) were dissolved in a methanol (CH3OH) with addition of hydroxide ammonium 

(NH4OH) for the deposition of zinc and cobalt oxide films. The optical transmittance spectra have shown 

that all films exhibit high transmittance (about 80 %) in the 350-600 nm range. However the transmission 

falls very sharply in the UV region due to fundamental absorption. The optical band gap energies 

determined from the obtained spectra for the ZnO and ZnO-CoO thin films was 3.41 and 4.15 eV 

respectively. 
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Fig. 7. The photoluminescence (a) and optical transmittance (b) spectrum of ZnO (curve 1) and ZnO-

CoO (curve 2) thin films on glass substrate (the solvent –methanol) 

A strong and sharp emission around 3.16 eV was observed, and no green emission was detected, 

showing the stoichiometry of obtained ZnO films. It is generally accepted that the near UV emission in 

ZnO film is closely related to the exciton transition from the localized level below the conduction band 

[33]. The formation of this localized level is related to the breaking of lattice periodicity, which is often 

originated from the free impurity atoms, various defects, surface and interface. The UV 

photoluminescence intensities increase more strongly after processing by “sandwich” deposition. 

Apparently it was determined by improvement of the film structure and the increase of the oxygen 

vacancies concentration that closely related to the formation of sallow donors, and also the growth of free 

carriers concentration. The increase in the photoluminescence, probably, occurs due to the crystallite size 

reduction and the formation of additional structural imperfections. The XRD pattern of the coated films 

shows reflexes (100), (002), (101), (102), (110), (103), (112) of ZnO. High intensity of reflection is 

observed from a plane (100). 

The particle size (D) can be calculated using the Debye-Scherrer formula:




cos

9.0

B
D  , where λ is 

the X-ray wavelength (1.5405 Ǻ), θ is the Bragg diffraction angle, and B is the full width at half 

maximum. According to the x-ray diffraction peak positions and the widths at half maximum, the mean 

size of ZnO crystallites is 80 nm. 

The ESR spectra of multilayer ZnO-CoO 

film composed of 4 ZnO layers and 4 CoO 

layers put layer-by-layer are presented in fig. 8. 

The total thickness of structure was about 80-100 nm. 

The top layer was CoO. 

 

                                                

 

 

Fig. 8. ESR spectra at 80 K of ZnO-CoO “sandwich” structure film synthesized by sol-gel method: (a) 

as-grown, (b) treated in glow discharge hydrogen plasma (12.5 W, t=5 min), (c) annealed on air at 400 
o
C for 1 h 

The grown films are polycrystalline and capable to magnetization. Free carrier absorption ESR 

spectra with g ~ 2 were detected in all samples. The spectra have a Dyson type form of line corresponding 

to absorption affected by skin effect. The increase of EPR signal after H-plasma treatment is due to 

oxygen vacancies generation that closely related to the formation of sallow donors [34] therefore the 

growth of free carriers’ concentration and conductivity takes place. The subsequent annealing at 400 
o
С 

results in the reduction of ESR signal intensity and the decrease of free carrier concentration. 

In the case of cobalt containing composites, the observation of ferromagnetic behavior can not be 

related to the cobalt oxide because CoO has NaCl-like structure and is antiferromagnetic material that is 

an indirect evidence of presence of metallic cobalt or cobalt oxides another valence [35]. 

5. Research of structures photosensitivity based on the ZnO films  
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In order to form the p-n- junction the wafers of р-type silicon with specific resistance 10 Ωcm and 

by (111) crystal plane oriented were used. The back side of a silicon wafer was covered with a continuous 

layer of aluminium with thickness ~ 0.5 μm and on a face sheet the gold-made contact grid was deposited 

(Zn(CH3COO)2)  – 0.1 and 0.7 mol/l by thermal spattering method. The structures with ZnO films have 

been made at molar zinc ions concentration (Zn(CH3COO)2) – 0.1 and 0.7 mol/l.  

Fig. 9 shows the current-voltage characteristics of the silicon structures, based on ZnO films by the 

solutions with zinc ions concentration 0.1 and 0.7 mol/l . 

 

Fig. 9. Current-voltage characteristics of silicon structures based on ZnO films 

Both  zinc ions concentrations possess the defined straightening properties. The direct current 

exceeds the inverse for more than on the order at voltage U ~ 5 V. Inverse currents at voltage up to 5 V 

do not exceed 10-2 mА/cm
2
 at room temperature. However, structures possessed big series resistance 

(about 300-500 ) because of small thickness of ZnO layers. 

Fig. 10 shows the spectral photosensivity for the structures made at zinc ions concentration of 0.1 

and 0.7 mol/l in ZnO sedimentation film-forming solutions. It is found, that ZnO-Si structure with zinc 

ions concentration of 0.7 mol/l possessed appreciable photosensivity in the range from 600 up to 1100 

nm. This region is the fundamental absorption band for silicon, and extrinsic absorption band for ZnO. 

Hence, photosensivity is provided due to generation by light of electron-hole pairs in silicon and their 

spatial separation in ZnO-Si area heterojunction due to the strong built – in electric field.  

As seen from fig. 10, there is a shift at long-wavelength photoeffect boundary in a short-wave range 

in the spectral characteristics of ZnO-Si structure at the ZnO film zinc ions concentration reduction up to 

0.1 mol/l. The photogenerated carriers collecting factor reduction in this case explained by the built – in 

electric field reduction because of small thickness of ZnO film, and, probably, its higher resistance.  

 

 

 

 

 

 

Fig. 10. Spectral characteristics of structures with zinc ion concentrations of 0.1 and 0.7 mol/l. 

 

Note, that factor of photogenerated carriers collecting of the  structure ZnO-Si 0.1 mol/l in short-wave 

(500-600 nm) band considerably higher, than for 0.7 mol/l structure. It is explained by low recombination 

losses on p-n-junction and denote more qualitative ZnO-Si interface. 

7. Zinc sulfide films structural and morphological properties studying 

Zinc sulphide is an important II-VI group semiconductor with a large direct band gap of 3.50-3.70 eV 

in the UV range.  It is used as a key material for light emitting diodes and other optoelectronic devices 

such as electroluminescent displays, cathodoluminescent displays and multilayer dielectric filters [36]. 
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ZnS is highly suitable as a window layer in heterojunction photovoltaic solar cells [37]; because the wide 

band decreases the window absorption loses and improves the short circuit current of the cell [37]. In the 

area of optics, ZnS can be used as a reflector, because of its high refractive index (2.35), and a dielectric 

filter because of its high transmittance, in the visible range. The research on renewable energies includes 

the photovoltaic conversion of solar energy and important investigations of novel materials and 

structures. Photovoltaics are the most fascinating ways of direct solar energy conversion. Thin film solar 

cells give hope to meet the cost goals, which are necessary to provide the needs for energy production by 

photovoltaics. It is generally recognized that any large-scale application must rely on cheap 

polycrystalline materials. The use of thin film polycrystalline semiconductors has attracted much interest 

in an expanding variety of applications in various electronic and optoelectronic devices. The 

technological interest in polycrystalline-based devices is mainly due to their very low production costs 

[38]. 

Zinc sulfide has been received by sol-gel method from the isopropanol solutions containing the zinc 

sulfate (ZnSO4) (0.1 mol/l), ammonium hydroxide (NH4OH) (addition up to value рН=10) and thiourea 

((NH2)2CS) (0.4 mol/l) [39]. The solution was deposited on a glass substrate by spin-coating method, 

preliminary drying was carried out with IR-radiation, each layer anneal at temperature 300 ºC. The final 

annealing process after 10 layers of zinc sulfide drawing last for 1 hour at temperature 500 ºC. 

Zinc sulfide formation process occurs in accordance with the following chemical reaction equation: 

 

Zn(NH3)4
2+

 + SC(NH2)2 + 2OH
-
  ZnS + 4NH3 + OC(NH2)2 + H2O 

The substrate thin layers formation occurs through a stage on a substrate surface of thiourea 

coordination connections formation, theirs thermodestruction, a film growth, interaction of complex 

connections with a surface and formation of zinc sulfide. 

The second way by surface sol-gel method of zinc sulfide layers formation consist in serial glass 

substrate dip-coating firstly to the Zn
2+

 (0.091 mol/l, pH=6.74) containing water solution, then in a water 

solution with S
2-

 ions (0.091 mol/l, pH=11.05). The film growth can be schematically described by the 

following surface reaction sequence: 

 

 

 

 In the aqueous reaction sequence, it is assumed that the weakly coordinating acetate ions are easily 

displaced as ligands for Zn
2+

 by the more strongly coordinating S
2-

 anions. The first association constant 

of CH3COO
-
 with Zn

2+
 is on the order of 10 M

-1
, and at the concentrations of CH3COO

-
 used in these 

experiments, one might expect to find both coordinated CH3COO
-
 and H2O on the surface.  

Table 2 contains the roughness parameters, determined  by means of the AFM processing program, 

where Ra – the average of roughness; Rzjis – 10-point average roughness; S – the image area; Rq – root 

mean square roughness; Rz – maximum difference between high and low; Sratio – the ratio of the net 

surface area S to the flat surface area S
0
.  

Table 2 

ZnS (1,5х1,5 μm
2
) thin films surface structure parameters 

glass`s 
surface

OH

OH

OH
Zn2+, CH3COO-

O

O

O Zn(H2O)x(CH3COO)y

Zn(H2O)x(CH3COO)y

Zn(H2O)x(CH3COO)y

S2-

O

O

O Zn

Zn

Zn

S

S

S

Zn2+, CH3COO-

O

O

O Zn

Zn

Zn

S

S

S

Zn(H2O)x(CH3COO)y

Zn(H2O)x(CH3COO)y

Zn(H2O)x(CH3COO)y

etc.
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Synthesis technology Ra, nm Rzjis, nm S, μm
2
 Rq, nm Rz, nm Sratio 

Spin-coating 
4.23 35.3 2.34 5.63 42.8 1.04 

Dip-coating 4.32 43.1 3.20 5.53 44.8 1.42 

As table 2 and figure 11 shows, the average roughness of zinc sulfide films, by a dip-coating method 

obtained, is greater. 

 

 

Fig. 11. The image of a ZnS films surface (1,5х1,5) um
2
, synthesized by methods of spin-on-films (а) and dip-

coating (b) 

As a result of synthesis an amorphous zinc sulfide films are formed, that is confirmed with XRD 

patterns. In films, by spin-coating method deposited, ZnS crystal phase seed formation was observed. For 

the further growth of a crystal phase of a film passed hydrothermal processing within 8 hours at 

temperature 170 °С. AFM images shows in fig. 12 confirming, that hydrothermal processing leads to 

agglomerates formation. 

 

 

Fig. 12. The surface topography of ZnS films: (а) – after deposition, (b) –hydrothermal 

processing 

8. Conclusions 

Tin dioxide, zinc oxide, and zinc sulfide thin films were prepared by sol-gel method. Optical, 

morphological, gas sensitive, photosensitive properties of obtained films were studied. The influence of 

Н- and О-plasma on structural properties and gas sensitivity of tin dioxide films were shown. O-plasma 

processing results to a partial film clusterization and to surface granular structures disintegration. At the 

same time H-plasma treatment leads to SnO2 nanocrystals agglomerates formation.  

 Zinc oxide films doped with transition metals were synthesized. Morphological properties of zinc 

sulfide films were considered by the influence of hydrothermal treatment. Based on the AFM images 

hydrothermal processing leads to agglomerates formation. 

Acknowledgements 

The authors are grateful to the Science Foundation of Kazakhstan. This work supported by 

«Sharyktau-2009» (contract №9) young scientists innovation research grant. 



282 

 

 

REFERENCES 

1. Klein L.С. Sol-gel technology for thin films, fibers, performs, electronics and specialty shapes. – 

New Jersey: Rutgers, The State University of New Jersey, 1987.  

2. Zinoviev К.V. Synthesis oxide films from solutions and their use in electronics // Electronics. – 

1974. – Vol. 13. – P.27. 

3. Razuvaev G.А., Gribov B.G., Domracheev G.А. Organometallic Compounds in Electronics: 

Textbooks.  - Мoscow, Science, 1972. 

4. Pomogailo А.D. Hybrid polymer-inorganic nanocomposide // Russ. Chem. Rev. – 2000. – Vol.69. 

– P.60-89. 

5. Anisimov О.V. Electric and gas-sensible characteristics of semiconductor sensors based on SnO2 

thin films – Avtoref. diss. kand. phys.-math.  sci. Tomsk: Siberian Phys.-Tech. Institute  of Tomsk 

State University, 2007.  

6. Simakov V., Voroshilov A., Grebennikov A., Kucherenko N., Yakusheva O., Kisin V. Gas 

identification by quantitative analysis of conductivity-vs-concentration dependence for SnO2 

sensors // Sens. and Actuat. B. – 2009. – Vol. 137. – P.456–461. 

7. Rembeza Е.S. Structure and electrical properties of semiconducting metal oxide nanocomposites in 

the interaction with gases. – Avtoref. diss. doctor. phys.-math. sci. Voronezh: Voronezh State 

University, 2006.  

8. Sunita M., Ghanshyam C., Nathal R., Satinder S., Bajpai R.P., Bedi R.K. Alcohol sensing of tin 

oxide thin film prepared by sol-gel process // Bull. Mater. Sci. –  2002. – Vol.25. – P.231-234. 

9. Ryabtsev S.V., Yukish А.V., Hango S.I., Yurakov Yu.А., Shaposhnik А.V., Domashevskaya E.P. 

Kinetics of the resistive response of thin films of SnO2-x in a gaseous medium // Phys. and technol. 

of Semicond. – 2008. – Vol.42. – P.491-495. 

10. Xu Ch., Tamaki J., Miura N., Yamazoe N. Grain size effects on gas sensitivity of porous SnO2 

based elements // Sens. and Actuat. B. – 1991. – Vol.3. – P.147-155. 

11. Adamian А.Z., Adamian Z.N., Arotyunyan V.M. Sol-gel technology for obtaining sensitive to 

hydrogen thin films // Alternative Energy and Ecology. – 2006. – Vol. 40. – P.50-55.  

12. Mukhamedshina D.M., Mit’ K.A., Beisenkhanov N.B., Dmitrieva E.A., Valitova I.V. Influence of 

plasma treatments on the microstructure and electrophysical properties of SnOx thin films 

synthesized by magnetron sputtering and sol-gel technique // Book of abst. 12 
th 

 Inter. Conf. On the 

Def.-Recogn., Imag.& Phys. in Semicond. Berlin, Germany. 2007, 159. 

13. Karapatnitski I.A., Mit’ K.A., Mukhamedshina D.M., Baikov G.G. Effect of hydrogen plasma 

processing on the structure and properties of tin oxide thin film produced by magnetron sputtering 

// Proc. of the 4th Internat. Conf. on Thin Film Phys. and Applic. Shanghai, China. – 2000. – 

Vol.4086. – P.323. 

14. Srivastava R., Dwivedi R., Srivastava S.K. Effect of oxygen, nitrogen and hydrogen plasma 

processing on palladium doped tin oxide thick film gas sensors // Phys. of Semicond. Devices. 

India, New Delhi: Narosa Publishing House. – 1998. – P.526-528. 

15. Mukhamedshina D.M., Beisenkhanov N.B., Mit’ K.A., Botvin V.A., Valitova I.V., Dmitrieva  E.A. 

Influence of plasma treatments on the properties of SnOx thin films // J. of High Temp. Mater. 

Proc., An Internat. Quarterl. of High Technol. Plasma Proc. – 2006. – Vol.10. – P.603-616.  

16. Mukhamedshina D.M., Mit’ K.A., Beisenkhanov N.B., Dmitriyeva E.A., Valitova I.V. Influence of 

plasma treatments on the microstructure and electrophysical properties of SnOx thin films 

synthesized by magnetron sputtering and sol-gel technique // J. of Mater. Sci.: Mater. in Electr. – 

2008. – Vol.19. – P.382-387. 

17. Kim Y.-S., Tai W.-P., Shu S.-J. Effect preheating temperature on the structural and optical 

properties of ZnO films by sol-gel process // Thin Solid Films. – 2005. – Vol.491. – P.153-160. 

18. Hong R., Shao J., He H., Fan Zh. Influence of buffer layer thickness on the structure and optical 

properties of ZnO thin films // Appl. Surf.  Sci. – 2006. – Vol.252. – P.2888-2893. 

19. Hong R., Qi H., Huang J., He H., Fan Zh., Shao J. Influence of oxygen partial pressure on the 

structure and photoluminescence of direct current reactive magnetron sputtering ZnO thin films // 

Thin Solid Films. – 2005. – Vol.473. – P.58-62. 

20. Hong R., Huang J., He H., Fan Zh., Shao  J. Influence of different post-treatments on the structure 

and optical properties of zinc oxide thin films // Appl.  Surf.  Sci. – 2005. – Vol.242. – P.346-352. 

21. Gao X.D., Li X.M., Yu W.D. Rapid preparation, characterization, and photoluminescence of ZnO 

films by novel chemical method // Mater. Res. Bull. – 2005. – Vol.40. – P.1104-1111. 



283 

 

22. Gritskova E.V.,  Mukhamedshina D.M., Mit’ K.A.,  Dolya N.A.,  Abdullin Kh.A. Properties of 

ZnO thin films doped with ferromagnetic impurities // Phys. B: Cond. Matter. – 2009. – Vol.404. – 

P.4816-4819. 

23. Wang L., Pu Yo., Fang W., Dai J., Zheng Ch., Mo Ch., Xiong Ch., Jiang F. Effect of high-

temperature annealing on the structural and optical properties of ZnO films // Thin Solid Films. – 

2005. – Vol.491. – P.323-327. 

24. Shiler T., Krajewski T., Grobelsec I., Aegerter M.A. A Microstural Zone Model for the 

Morphology of Sol-Gel Coatings // J. of Sol-Gel Sci. and Technol. – 2004. – Vol.31. – P.235-239. 

25. Xu Z., Deng H., Xie J., Li Ya., Li Ya. Photoconductive UV Detectors Based on ZnO Films 

Prepared by Sol-Gel Method // J. of Sol-Gel Sci.  and Technol. – 2005. – Vol.36. – P.223-226. 

26. Korotcenkov G., Macsanov V., Brinzari V., Tolstoy V., Schwank J., Cornet A., Morante J. 

Influence of Cu-, Fe-, Co- and Mn-oxide nanoclusters on sensing behavior of SnO2 films // Thin 

Solid Films. – 2007. – Vol.467. – P.209-214. 

27. Fonin M., Mayer G., Biegger E., Janβen N., Deyer M., Thomay T., Bratschitsch R., Dedkov Yu.S., 

Rudiger U. Defect induced ferromagnetism in Co-doped ZnO thin films // J. of Phys. Conf.  Ser. – 

2008. – Vol.100, 042034. 

28. Fukumura, T.; Toyosaki, H.; Yamada, Y. Magnetic oxide semiconductors // Semicond. Sci. 

Technol. – 2005. – Vol.20. – P.103-111. 

29. Kobayashi M. et al Characterization of magnetic components in the diluted magnetic 

semiconductor Zn1-x CoxO by x-ray magnetic circular dichroism // Phys. Rev. B. – 2005. – Vol. 72. 

– P.201. 

30. Pearton S.I., Norton D.P., Ivill M.P., Hevada A.F., Zavada M., Chen W.M., Buyanova I.A. 

Ferromagnetism in Transition-Metal Doped ZnO // J. of Electr. Mater. – 2007. – Vol.36. – P.462-

471. 

31. Srinivasan G., Kumar J. Optical and structural characterization of zinc oxide thin films // Cryst.  

Res. Technol. – 2006. – Vol.41. – P. 893-896. 

32. Mukhamedshina D.M., Gritskova E.V., Mit’ K.A. Study of the Optical and Magnetic Properties 

Multilayer ZnO-CoO Films // Internat. Siberian on Cont. and Commun. The Tomsk IEEE 

Chapter& Russia, Tomsk. 2009. – P.233-237.  

33. Lashkarev G.V., Sichkovsky V.I., Radchenko М.В., Karpina V.А., Butorin P.Е., Dmitriev А.I., 

Lazorenko V.I., Slinko Е.I., Litvin P.N., Yakela R., Knoff I., Stori Т., Aleshkevich P. Magnetic 

divorced ferromagnetic semiconductors based on compounds II-VI, III-VI and IV-VI // 

Cryogenics. – 2009. – Vol.35. – P.81-91. 

34. Hamad O., Braunstein G., Patil H., Dhere N. Effect of thermal treatment in oxygen, nitrogen, and 

air atmospheres on the electrical transport properties of zinc oxide thin films // Thin Solid Films. – 

2005. – Vol.491. – P.303-309. 

35. Fonin M., Mayer G., Biegger E., Janßen N., Beyer M., Thomay T., Bratschitsch R., Dedkov Y.S., 

Rüdiger U. Defect induced ferromagnetism in Co-doped ZnO thin films // J. of Phys. Conf. Series. 

– 2008. – Vol.100, 042034. 

36. Ubale A.U., Kulkarni D.K. Preperetion and study of thickness dependent electrical characteristics 

of zinc sulfide thin films // Bull. Mater. Sci. – 2005. – Vol.28. – P.43-47. 

37. Schrier J., Demchenko D.O., Wang L.-W. Optical properties of ZnO/ZnS and ZnO/ZnTe 

heterostructures for photovoltaic applications // Nano Lett. – 2007. – Vol.7. – P.2377-2382. 

38. Kumara V., Sharma M.K., Gaura J., Sharma T.P. Polycrystalline ZnS thin films by screen printing 

method and its characterization // Chalcog. Lett. – 2008. – Vol.5. – P.289-295. 

39. Gritskova Е.V., Dolya N.А., Мit` К.А., Mukhamedshina D.М. Electrical properties and 

photosensitive thin-film heterostructures ZnS/ZnO on p-Si // Book of abstr. 7th Internat. Conf. 

Nucl. and Rad. Phys. Almaty, Kazakhstan. – 2010, in press. 

 

Әртүрлі қажеттілікке керекті наноқұрлымдық пленканы алудың золь-гель әдісі. 

Қалайы қостотығының, мырыш тотығының, сульфидтің жұқа қабықшаларын алудың золь-гель тәсілі 

қарастырылды. Оптикалық, морфологиялық, газсезгіштік, фотосезгіштік қасиеттері зерттелді. Құрылымдық 

қасиеттеріне және қостотықты қалайы қабықшасының газсезгіштігіне Н-және О- плазмаларымен ӛңдеудің әсері 

кӛрсетілді. Ауыспалы металлдар ендірілген мырыш тотығының қабықшасы синтезделді. Мырыш сульфидінің 

қабықшаларының морфологиялық қасиеттеріне гидрожылумен ӛңдеудің әсері қарастырылды. 
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Золь-гель мето получения наноструктурных пленканы алудың золь-гель әдісі. 

Рассмотрен золь-гель метод получения тонких пленок диоксида олова, оксида цинка, сульфида. Изучены 

оптические, морфологические, газочувствительные, фоточувствительные свойства. Показано влияние на 

структурные свойства и газочувствительность пленок диоксида олова обработки Н- и О-плазмами. 

Синтезированы пленки оксида цинка, легированные переходными металлами. Рассмотрено влияние 

гидротермальной обработки на морфологические свойства пленок сульфида цинка. 

 


